ABSTRACT
Introduction
Heavy metal pollutions are in certain cases phytotoxic and influence on the normal physiological or genetic development of plants; some plants, however, seem to be tolerant to the accumulation of toxic substances that leads to phytochelatization in their cellular structures. The reason is that these plants contain antioxidants such as ascorbic acid, alfatocoferol, antocyanines, beta-caroten and so on, which assist plant adaptation to toxicants. Bioremediation can sometimes be realized with the using of microorganisms for "removing" of problematic pollutions from soil and underground water by helping the phytoremediation processes (4) . It is determined by experiments with isolated humic acids from Canadian sphagnum peat and humin (an extract from semi-degraded peat) that binding of Cu in soils is рН determined. At рН 4,0-5,0 99% binding of copper is achieved with all three used adsorbents, but the sorption on humic acids is the fastest and the most stable one. In our previous work we have proved the effect of natural and modified zeolites on the transformation of organic matter to humic substances depending on the total reactivity of medium, especially in connection with Eh. (3) . The different ferritization of the natural zeolite component determines the affinity of clinoptilolite for ionization of amphoteric elements in such organic-zeolite media (2) . Ferritized zeolites Fe-Z increase Eh in the medium from 443-449 mV to 471-492 mV. That results in preserving of 6-40% of the total organic carbon in heavy metal polluted soils. Thus bio-productivity of polluted soils increases up to 417 % (2). An increase of free and R 2 O 3 -bounded humic acids is determined in a pot greenhouse test with polluted soil, meliorated with peat, limestone and different zeolite combinations as a result of the different stage of transformation of peat in the medium (1) . The purpose of the study is to determine the influence of T.viride and T. harzianum on the background of humic acids (HA), ferritized zeolite (F-z ) and phosphorite powder (P) on some bioremediation processes in heavy metal polluted soils. 
Results and Discussion
Practically, the results from the model experiments in pot tests are not always entirely confirmed by the in Situ treatment of polluted soils. Soil sorption complex is capable of traping part of the pollutants; that means in nature part of the toxicants can migrate to the underground waters depending on the mechanical composition of soils, their sorption capacity, and content of organic matter and clay materials and so on. The А-phase of soil absorbs a great amount of metal ions in no exchangeable form. In this way a big deal of the pollutions are concentrated in the humic-accumulative horizon, thus being easily accessible depending on the exchangeable acidity of media. The tests including micro fungi, HA and Fe-z are realized to determine the potential ability of soils to immobilized phytotoxic amounts of toxicants and therefore to create conditions for phytoremediation. Data presented in Table 1 prove the role of nitrogen on plant development. Heavy metal accumulation in plants is strongly affected by the introduced mineral nitrogen in the polluted soils from the region of Lead-Zink Procesing Plant Plovdiv (Alluvial-Meadow, Eutric Fluvisol, FAO). Fe-Z improves the growth of garlic: biomass, g = 3, 36252 + 1, 01278*sqrt (Fe-Z); r = 0,817).
This meliorant decrease the assimilation of Cu (r = -0,777), Zn (r = -0,881), but increases the assimilation of Mn (r = 0,725). The total content of accumulated toxicants is relatively high because of the significantly better development of plants. Humic acids, however, have a weak influence on both the general growth of plants and the assimilation of heavy metals.
On the background of Fe-Z humic acids increase the assimilation of the examined elements with the exception of Pb: biomass, g = exp (1,57446 -0,00491228*Fe-z + НА %; r = -0,982; Pb_1 = 713,575 -32,4267*sqrt (Fe-Z + HA%); r = -0,894.
The inoculation with T.viride leads to a decrease of plant acumulation of heavy metals. Data presented in Table 2 show the strong effect if the examined meliorants -bioproductson the bioremediation processes in the treated soil from LeadZink Procesing Plant Plovdiv; the tested humic acids strongly support garlic growth in correlation with the reduced plant A good effect of immobilized micro flora on bioremediation processes is determined. Humic acids decrease the relative portion of changeable ions of heavy metals; this is better shown in the case of Cu. Microfungal inoculation also has some, although weaker effect. The total content of heavy metals accumulated by the test culture demonstrates the possibility of HA using together with other treatments for rehabilitation to acceptable limits the productivity of soils polluted with phytotoxic concentrations of heavy metals. Thereby conditions for phyto-remedition with hyper accumulants are created. Micro fungi have a relatively weak influence in connection with the toxic concentrations of Cu, Zn and Pb. Nevertheless, the inoculation with Trichoderma viride has a noticeable effect. The realized second series pot test (Table 3 The positive influence of Fe-Z that has been determined in our previous studies, now is confirmed (variant 5). As a confirmation, a good correlation is found between the formed biomass and the quantities of iron assimilated by plants. The modified Fe-Z is obviously also responsible for the assimilation of heavy metals by plants -this is a direct result from the improved general functional state of plants. Iron assimilation influences proportionally the mineral nutrition with nitrogen and potassium and increases Ca assimilation. Probably that is the reason why an increase of Pb and Zn accumulation is observed on the background of the assimilation of more biogenic elements. Actually, the ability of plants to grow is restored and on the background of the normal mineral nutrition the grass assimilates bigger amount of heavy metals without having problems with the biomass accumulation. The restoration of nitrogen nutrition has the great influence on the possibility plants to be cultivated in the tested soil: (Pb = 1/(-0,0066766 + 36,0431/N); r = 0,516). The influence of Mg 2+ accumulated by plants on Zn and Pb accumulation is significant.
Conclusions
Combining of Fe-Z with biotransformed leonardite and hydrolisates of them increases soil productivity, but reduces the content of heavy metals in plant tissues. However, the percentage extraction of manganese and lead from soil increases. The results from this preliminary pot test showe the strong effects of the used meliorants on the potential of tested soils for bioremediation, in particular -for their use in conditions of phytoremediation with hyper accumulants for the removal of heavy metal pollution from them. Bioremediation depends on the introduced quantities of mineral nitrogen and humic acids. Biotransformed leonardite is better than the natural but its influence is comparable with that of Fe-Z. Biotransformed leonardite gives a relatively equivalent result on bio productivity, but on a relatively more polluted medium, thus it can be said that the meliorant has good qualities during bioremediation of heavy metal polluted soils. Combining of Fe-Z and biotransformed leonardite slightly increases the effectiveness of both two meliorants.
